The purpose of this study was to isolate strains from traditionally fermented Yangjiang lobster sauce, those can use as potential starter culture for the pure fermentation under controlled conditions of temperature and pH. The result was found that seven strains isolated by PDA medium, and then they were evaluated for production of protease on skim milk agar. Especially three strains, which Rhizopus oryzae, Aspergillus oryzae and Pichia burtonii exhibited high proteolytic activities with area of clear zone. Seven strains identified by morphological and phylogenetic analysis, which studies based on the 16S, 18S ribosomal gene sequences and 26S rDNA D1 / D2 sequence, showed that two pathogens strains survived in traditional Yangjiang lobster sauce. The research investigated effects of pH and temperature on activity and stability of protease, effect of metal ions and NaCl on protease activity in three high proteolytic activity strains.
Introduction
Lobster sauce (Douchi), is one of the four most popular, traditional soybean products fermented by microorganisms, along with soy sauce, soy paste, and sufu, which was consumed as a food and medicine from ancient times (Yunghsiang, 2007) . History indicates that Chinese lobster sauce was originally produced in the periods of the warring states in 3 BC centuries (Zhao, 2003) .
According to the type of microorganisms, lobster sauce can be divided into Mucor, Rhizopus, and Aspergillus types. According to the fermentation in salt can be divided into salty and light. Due to the water content of the finished product, it can be divided into wet, dry, and water lobster sauce. In China, the main production is Mucor, Aspergillus and a few bacterial types. In foreign countries (Jiang et al., 2007) , for example, there are Tempeh (Rhizopus type lobster sauce in Indonesia) and Natto (B. subtilis type lobster sauce in Japan). Cantonese Yangjiang lobster sauce is a kind of salty, dry, and Aspergillus type.
Lobster sauce has many medical functions. The Japanese Nattokinase contains the fibrinolysis enzyme, shown to have many function, including thrombolysis, reduction of blood pressure, preventing diabetes. It can also dissociate amino acids, V B1 and V B2 , and dissolubility sugar in the Chinese lobster sauce to increase (EI-Safey and Abdul-Raouf, 2004; Ma et al., 2006) . Fermentation can led to soybean isoflavones glycoside hydrolyzing into the isoflavones aglycon. (Song, 2004; Cui, 2000) . However, the traditional Yangjiang lobster sauce is fermented with natural strains that lack microbial growth control, a long production cycle, and lower production efficiency. The above environmental conditions allow pathogens to survive or produce toxins in such products and the process is relatively primitive and the parameters are only controlled by general experience, thus the product lacks uniformity. For safety a pure starter cultures are needed that can be used under controlled conditions could be used to produce a safer lobster sauce.
The traditional fermentation process of Yangjiang lobster sauce was that black soy beans were washed and soaked in water at room temperature for 2 − 4 h. The soaked beans were steamed at 121℃ for 15 − 20 min. Fermentation were carried out in a two-step process, starter-making (former fermentation) were inoculated in advance in the first stage for (5'-cttccgtcaattcctttaag -3'). PCR reaction conditions of 18S rRNA gene amplication was pre-degeneration of 94℃ for 5min, degeneration of 94℃ for 30 sec, annealing of 52.6℃ for 30 sec, extension of 72℃ for 50 sec, after the extension of 72℃ for 10 min, the 30 cycle. The phylogenetic tree was constructed by the neighbour-joining (Saitou et al., 1987) and maximum-parsimony methods (Kluge and Farris, 1969) in MEGA, version 4.0 (Tamura et al., 2007) . The confidence values for the branches of the phylogenetic tree were determined using bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. The values for sequence similarity among the closest strains were calculated manually after obtaining pairwise alignments using CLUSTAL _ X (Thompson et al., 1997) . Gaps and ambiguous nucleotides were eliminated from the calculations.
2) The 16S rRNA gene sequence analysis of strain 10701, strain 11702 and strain 11603
Genomic DNA of strains extractions utilized a TIANamp Bacteria DNA Kit. Primer was 27F and 1492R. PCR reaction conditions of 16S rRNA gene amplication was predegeneration of 94℃ for 5 min, degeneration of 94℃ for 1 min, annealing of 55℃ for 1 min, extension of 72℃ for 90 sec, after the extension of 72℃ for 5 min, the 30 cycle.
3) The 26S rDNA D1 / D2sequence analysis of strain 11101 and strain 11301
Genomic DNA of strains extractions utilized a fungal DNA Mini Kit (Omega, USA). Using primer P5 (5'gaacctgcggaaggatca-3'), P6 (5'-tgatactgaagcaggcgt -3'). PCR reaction conditions of 18S rRNA gene amplication was pre-degeneration of 94℃ for 5 min, degeneration of 94℃ for 30 sec, annealing of 55℃ for 30 sec, extension of 72℃ for 1min, after the extension of 72℃ for 5 min, the 30 cycle.
4) Colony morphology observation
Three strains vaccinated in PDA medium at 30℃ for 48 h.
5) Insert observation
Strains vaccinated in PDA medium, each dish on 3-4 piece of sterile cover glass, at 30℃ for 48 h, removed the cover glass in a microscope.
Physiological and Biochemical Characteristics 1) The effect of temperature on cell growth of three high proteolytic activity strains Three strains (11101, 10501 and 11604) were cultivated in 100 mL PDA medium and incubated at 20℃, 25℃, 30℃, 35℃, 40℃, 45℃ and 50℃ for 48 h. After 48 h they were centrifuged at 4,500 × g at 4℃ for 20 min and the liquid was discard. The microorganisms were placed in an oven at 50℃ for 24 h, to determine the dry weigh of the microorganisms.
2) The effect of pH on cell growth of three high proteolytic activity strains
The same three strains were incubated in 100 mL PDA 120 − 130 h, at 26 − 30℃, then washed away bacteria and spores in bean surface, and only leaving mycelia within the bean. And then fermentation with salt at 13% was incubated at room temperature for about 30 days. Starter culture that produces protease is needed, because proteolysis is the main metabolic activity during the fermentation of Yang jiang lobster sauce (Olajuyigbe, 2010) . There have been reports of Bacillus subtils IFO 3007, Bacillus natto Sawamura 06, Bacillus natto Sawamura IFO 339 as starter culture for fermentation of Natto (Jiang et al., 2007) and Rhizopu oligosporus as a starter culture for fermentation of Tempeh (Ashenafi and Busse, 1991) and Aspergillus oryzae 3.951 as a starter culture for fermentation of lobster sauce from Hunan Liuyang (Zhang, 2003) . But no literature can be located that referred to lobster sauce from Yang Jiang. This research, examined protease production from strains, which were isolated from Yang Jiang lobster sauce, and evaluated fundamental properties of the protease.
Materials and Methods
Isolation of microorganisms Traditionally fermented Yangjiang lobster sauce was collected from the Yangfan lobster sauce factory in Yangjiang City, Guangdong Province, China.
Three grams were taken from the seventeen sampling points respectively, and each was homogenized with 10.0 mL of sterile water and placed in a water bath (100℃) for 5 min. The suspension was then serially diluted, in a10-fold fashion up to 10 -7 . One tenth mL of each dilution was pipetted into Petri dishes containing a PDA medium. The inoculated Petri dishes were then incubated at 30℃. The viable cell counts were counted in separate flats.
The totality of living bacterium was determined by plate count method. 2% seven bacterium were added in 100 mL PDA medium respectively, and then serially diluted. 1 mL of 10-13 was pipetted into Petri dishes containing PDA medium at 30°C for 48 h.
Protease activity assay Small circles in the culture, which contain microorganisms was used as a sample, and then were screened for protease production on skim milk agar plates containing 1000 mL, and 20 g agar. The inoculated plates were then incubated at 30℃ for 48 h and observed for zones of clearance that indicate photolytic activities.
Identification of isolated organisms 1) The 18S rRNA gene sequence analysis of strain 10501 and strain 11604
Genomic DNA of strains extractions utilized a fungal DNA Mini Kit (Omega, USA), PCR-mediated amplification of the 18S rRNA gene and sequencing of the PCR products were accomplished as described by Nakajima et al. (1999) . Using primer P1 (5'-gtagtcatatgcttgtctc -3'), P2 mined by assaying the enzyme activity at different pH values ranging from 3.0 to 11.0. The pH was adjusted using the following buffer solutions: citrate-phosphate (pH 3.0 − 5.0), phosphoric acid buffer solution (pH 6.0 − 8.0) and glycine-NaOH (pH 9.0 − 11.0). The effect of pH on enzyme stability was determined by pre-incubating the protease without substrate at different pH values (3.0 − 11.0) using the relevant buffers, for 12 h at 4℃, after which the residual protease activity was determined.
Effects of temperature on activity and stability of protease The effect of temperature on protease activity was determined by assaying the enzyme activity at different temperatures ranging from 25℃ to 75℃. Thermostability of protease was determined by incubating protease at temperatures of 4℃, 25℃, 35℃, 45℃ and 55℃ for 30 min, 60 min, 90 min, after which the residual activity was determined. And incubating protease at temperatures of 4℃ for 12 h, after which the residual activity was determined.
Effect of metal ions on protease activity The effect of some metal ions (K + , Mg 2+ , Ca 2+ , Fe 2+ , EDTA) at 10 mmol/L concentration on protease activity was tested. The enzyme was incubated at 40℃ for 30 min with metal ions, which was determined by assaying the enzyme activity.
Effect of NaCl on protease activity With 20% of NaCl solution adjusted the substrate, the reaction system of the concentration of NaCl was 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 6%, which was determined by assaying the enzyme activity.
Results and Discussion
Screening the strains of isolates Seven strains were isolated from traditionally fermentation Yangjiang lobster sauce at17 sampling points and the strains were cultivated in PDA medium. The viable cell counts in traditional Yangjiang lobster sauce were 10 6 − 10 7 cfu/mL. The totality of living bacterium was showed in Table 1 . Then evaluated by protease transparent circle, the result was revealed in Table 1 , strain 11101, strain 10501, and strain 11604 exhibited high proteolytic activities with area of clear zone. medium with had the pH adjusted to 4, 6, 8, 10 and 12 at their optimum temperature for 48 h. They were then centrifuged at 4,500 × g at 4℃ for 20 min and the liquid was discarded and the microorganisms were placed in an oven at 50℃ for 24 h, to obtain a dry weigh of the microorganisms.
Cultivation of isolated organisms and protease production The same three strains were incubated in 100 mL PDA medium and incubated at 30℃ in a shaking incubator (150 rpm) for 24 h. The liquid was discarded and 100 mL 0.3 mol/L NaCl was added to the fermentation, and this was centrifuged at 3,500 × g for 10 min at 4℃, and the supernatant was used as a crude enzyme preparation. The protease activity of the crude enzyme extracts was then assayed. Protease activity was determined by the Folin test (Lowry et al., 1951) method.
1) Construction of the standard curve
Six test tubes which contained 1 mL tyrosine with concentrations of 0, 20, 40, 60, 80 and 100 μg/mL respectively, and to each tube 5 mL of 0.4 moL sodium carbonate was added, then 1 mL flint was also incorporated. The tubes were shaken and put into a thermostat water bath at 40℃ for 20 min. and then measured in a Biochrom UV/visible spectrophotometer at 660 nm. With OD values plotted on the vertical (x axis), and the concentration of tyrosine as the horizontal (y axis) coordinates this information was was used to construct the standard curve.
2) Determination of protease activity (Folin test)
One mL of crude enzyme extracts was added to a test tube and preheated at 40℃ for 2 min, and 1 mL 2% casein solution was added and then, incubated for 10 min at 40℃. The reaction was stopped by adding 2 mL of 0.4 mol/L trichloroacetic acid with shaking. This was left for 20 min and centrifuged at 4℃ for 10 min at 4,500 × g. One mL of supernatant was added to 5 mL of 0.4 mol/L sodium solution and 1 mL flint solution was incubated with for 20 min at 40℃, and absorbance was determined at 660 nm. One unit (U) of protease activity was defined as micromole of substrate converted to product per minute under the described assay conditions.
Effects of pH on activity and stability of protease The effect of pH on protease from these three strains was deter- An almost-complete 18S rRNA gene sequence (1058 bp) was obtained for strain 10501 and compared with those located in NCBI databases. By neighbour-joining phylogenetic tree and maximum-parsimony methods the highest levels of similarity were with Rhizopus oryzae. An almostcomplete 18S rRNA gene sequence (2018 bp) was obtained from strain 11604. The 18S rRNA-based phylogenetic analysis showed a close relationship of the isolate to members of the genus Aspergillus. The highest 18S rRNA gene sequence similarities were found with Aspergillus oryzae. Comparison of the almost complete 26S rDNA D1 / D2sequence analysis of strain 11101 (515 bp) with corresponding sequences of the type strains of validly described Pichia species indicated that this strain was closely related to Pichia burtonii. An almost-complete 26S rDNA D1 / D2sequence analysis (558 bp) was obtained for strain 11301 and compared with those located in NCBI databases. The highest levels of similarity were with Pichia farinosa. An almost-complete16S rRNA sequence (1453 bp) was obtained for strain 10701 and compared with those located in NCBI databases. The highest levels of similarity were with Klebsiella sp.CPK. An almost-complete16S rRNA sequence (1459 bp) was obtained for strain 11702 and compared with those located in NCBI databases. The highest levels of similarity were with Bacil-Identification of isolated strains Seven strains showed good growth on PDA media. Colonies of strain 11101were white, this strain produced well-developed substrate hyphae on PDA medium, but no aerial hyphae. Strain 10501 exhibited a range of phenotypic properties that is consistent with their classification in the genus Rhizopus. Colonies were white, but turned black on sporulation after 12 − 48 h. The strain 11604 color of the substrate mycelium and aerial hyphae were white, but spores were yellow green after 12-48 h. Colony morphology of strain 11301 were milky white, the surface was dry, no aerial hyphae. Colonies of strain 11702 were light yellow, smooth, wet, sticky, and combining with medium not close, which was gram positive bacillus. Morphological characteristics of strain 10701 were white, and the surface was wet, easy to take out, which was gram negative bacilli. Colonies of strain 11603 were light yellow, and the surface was wet, smooth, which was gram positive coccus ( Fig. 1 and Fig. 2) .
Gel electrophoresis was used to analyze DNA of seven strains the result showed that clear and bright bands of DNA strip appeared between 20 to 40 KB (Fig. 3) . This result suggests that a long segment of DNA genome was extracted. Gel electrophoretogram of PCR production bands showed as Fig. 4. z. Qu et al. Effects of pH and pH stability on protease activity Fig. 6 showed that effects of pH on the activity and stability of the protease produced from these three strains. All protease were active over the entire pH range of 4.0 − 11.0. The highest protease activity (100%) was found at pH 5.0 for strain 11101, pH 6.0 of strain 11604, and pH 7.0 of strain 10501. In their optimum pH protease activity of strain 10501 was up to 323 U/ml, strain 11604 was up to 375 U/ml and strain 11101 up to 479 U/ml respectively. But at pH 3.0 the protease activities for these three strains were lowered to 16.5%, 32.8% and 65.3% respectively, of the maximum activity observed. These results indicated that the mixture of proteases worked at acidic pH of strain 1110, the mixture of proteases worked at neutral pH of strain 11604 and strain 10501. The effect of pH on stability under this study showed that the enzyme of strain 11101 and strain 11604 had optimum pH for stability at 8.0, and strain 10501 had optimum pH for stability at 6.0. It was found that these proteases were unstable at pH of 3.0, 4.0, 9.0 and 10.0, 11.0, thus their protease activities dropped quickly under these conditions. The ability of these proteases from three strains to maintain high activity over the 5 to 8 pH range indicated these three strains had potential for use as starter culture for fermentation of Yangjiang lobster sauce under a wide range of pH.
Effects of temperature on protease activity and thermostability of the enzyme The optimum temperature for the activity of protease from strain 11101 and strain 10501 were 35℃, and strain 11604 was 55℃ (Fig. 7) . In their optimum temperature protease activity of strain 10501 was up to 327 lus subtilis. An almost-complete16S rRNA sequence (1409 bp) was obtained for strain 11603 and compared with those located in NCBI databases. The highest levels of similarity were with Acinetobacter grimontii.
Phylogenetic analysis showed that organisms of traditional Yangjiang lobster sauce contained genera of Rhizopus, Aspergillus, Pichia, Klebsiella, Bacillus and Acinetobacter. But Klebsiella and Acinetobacter were pathogenic bacteria. Klebsiella could cause chronic granulomatous lesion, invasion of nose pharynx ministry and tissue necrosis (Gerge et al., 2001) . Acinetobacter could cause respiratory tract infection, sepsis, meningitis, endocarditis, the wound and skin infections, genitourinary tract infection (Gerge et al., 2001) . Those two pathogenic bacteria were isolated from fermentation tank. In traditional manufacturing process, Yangjiang lobster sauce was fermented in fermentation tank for 30 days, and worker did not wish fermentation tank all the year round, and just plastic sealed. So it was very easy pollution by outside air and workers, which made pathogenic bacteria infection easily. Through the analysis, can choose pure starter culture for the fermentation of Yangjiang lobster sauce, improved yangjiang fermented food safety.
Physiological and biochemical characteristics The result of the growth characteristics of the strains exhibiting high protease activities were displayed in Fig. 5 . It was indicated that the optimal temperature of strain 11101 and strain 11604 were 35℃ and strain 10501 was 30℃ respectively and that the optimal pH of strain 11101 and strain 10501 were 6.0 and strain 11604 was 8.0 respectively. Relative activity (%) Relative activity (%) (Fig. 8) . The enzyme activities of three strains at 4℃, 25℃, 35℃, 45℃ and 55℃ were all lowered to 50% after 60 min of incubation, which showed that they had relatively lower heat tolerance.
Effects of Metal Ions and NaCl on Protease Activity The results as shown in Fig. 10(a) that K + , Mg 2+ , Ca 2+ , Fe 2+ , EDTA had function on protease activity. Among them, Ca 2+ , Mg 2+ and EDTA were the strongest activation role for protease activity of three strains and K + was no effect but especially for protease activity of strain 11101. Fe 2+ was inhibition function for protease activity. Fig. 10(b) showed that the concentration of the ions had different effect of enzyme activity. Low NaCl concentration had an activation function, but along with concentration increase, protease activity was inhibition. NaCl concentration in reaction system within 1.5% of strain 11604, 2.5% of strain 11101 and 3% of strain 10501, protease activity were U/ml, strain 11604 was up to 175 U/ml and strain 11101 up to 443 U/ml respectively. So the maximum protease activity in optimum temperature of three strains was nearly the maximum protease activity in optimum pH. The activity of enzyme from strain 10501 was 43.26%, 35.27% and 27.27% at 35℃ after 30 min, 60 min and 90 min of incubation ( Fig.  9a ). Crude enzyme activity from strain 10501 lowered to 0.28% of its original activity after incubation at 4℃ for 8h ( Fig. 8) . The activity of enzyme from strain 11101 was 100%, 47.90% and 41.89% at 35℃ after 30 min, 60 min and 90 min of incubation (Fig. 9b ). Crude enzyme activity from strain 11101 lowered to 0.26% of its original activity after incubation at 4℃ for 8h ( Fig. 8) . And the activity of enzyme from strain 11604 was 57.96%, 50.96% and 25.27% at 55℃ after 30 min, 60 min and 90 min of incubation (Fig.  9c ). Crude enzyme activity from strain 11604 was lowered to 0.17% of its original activity after incubation at 4℃ for 8h Fig. 7 . The effect of temperature on protease activity of strain 11101, strain 10501 and strain 11604. Fig. 10. (a) The influence to the protease activity of metal ion, the enzyme was incubated at 40℃ for 30 min with metal ions, (b) Effect of NaCl on protease activity, with 20% of NaCl solution adjusted the substrate.
